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(54) Data bus control of image reproducer 

(57) The Image reproducer has an Image scanner (4). an image output device (5) and a storage device (2). ail connected to 
an image data bus (8). A bus arbiter (12) controls the flow of data along the data bus (8) such that the operation of storing 
and outputting the image data is performed in parallel by time division control (a. b. c). For the production of n copies of n 
pages, the first copy is input, output and stored simultaneously, with further copies being read from the storage device (2). 
The bus arbiter (12) further allows the use of data bus to be prioritised, giving the image scanner (4) and image output 
device (5) (which operate at a predetermined speed) a higher priority than the compression/expansion device (6) associated 
with the storage device (2) (which operates at an undefined speed). This reduces the time in which the data bus is vacant 
and therefore improves its efficiency. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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IMAGE PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image processing 
apparatus in which d^ta transfers between an image input 
5 section, an image output section, a compression/expansion 
device, a page memory and the like are performed via an image 
data bus. 

2. Description of the Conventional Art 

In an image processing apparatus such as a digital copying 
10 machine, image data which have been obtained by reading an 
original are first encoded by a compression/expansion device 
and stored into a storage device. The encoded data is then 
read out from the storage device by decoding, and printed. In- 
such image processing apparatus, it is possible to decode data 
15 of a desired page, and to output a desired number of copies of 
that page- Namely, such image processing apparatus can 
electronically perform sorting . 

Fig. 1 is a block diagram showing the configuration of such 
a conventional image processing apparatus. In Fig. 1, the 
20 reference numeral 9 designates a central processing unit (CPU), 
11 designates a CPU bus, 4 designates original read means 
(hereinafter, referred to as "IIT (Image Input Terminal)"), 7 
designates an image memory, 6 designates compression/expansion 
device, 2 designates a storage device, 5 designates copy output 
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means (hereinafter, referred to as " lOT ( Image Output 
Terminal)"), 8 designates an image data bus, and 10 designates 
a DMAC (Direct Memory Access transfer Controller) . The DMAC 10 
controls data transfer on the image data bus 8- The data 
5 transitiission among the IIT, lOT, compression/expansion device, 
etc. are performed by the DMA (Direct Memory Access) -transfer 
via an image data bus • 

In this image processing apparatus, the IIT 4 consists of 
an image scanner or the like, and the lOT 5 consists of a 
10 printer. The compression/expansion device 6 encodes image data 
read out from the page memory 7 to compress them, and decodes 
encoded data read out from the storage device 2 to expand them. 

Fig. 2 is a time chart showing the operation of the 
above-mentioned conventional image processing apparatus. The 
15 reference symbol "t" represents time and t© indicates an 
operation start time. In Fi'g. 4, "I" represents an input 
operation, "C" represents a compression operation, "E" 
represents an expansion operation, and "O" represents an output 
operation- The operation of the apparatus will be briefly 
20 described by taking an example where four sets of copies are 
obtained from an original of three pages. 

First, in response to the operation of the operator, the 
IIT 4 reads the first page of the original. The image data are 
transferred to the page memory 7. These processes correspond 
25 to the input operation- Next, the image data are transferred 
from the page memory 7 to the compression/expansion device 6 
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which in turn encodes the data to compress them. The encoded 
data are stored in the storage device 2. These processes 
correspond to the compression operation. By the above two 
operations, the input of image data of the first page of the 
original is finished. The image data of the second and third 
pages of the original are input in the same manner. Since the 
page memory 4 can store image data for only one page of the 
original, the data of one page of the original are transferred 
to and compressed in the compression/expansion device 6, and 
thereafter the input operation for the data of the next page of 
the original is performed. 

After all the pages of the original are read, a first set 
of copies is started to be output. First, the compressed data 
for the first page are read out from the storage device 2 and 
transferred to the compression/expansion device 6 which in turn 
expands the data. The expanded data are developed in the image 
memory 4. Then, the data are supplied to the lOT 5 to be 
output. Thus, the copy of the first page is completed. The 
copies of the second and the third pages are output in the same 
manner, respectively. Thus, the copy of the first set is 
completed. The second, third and forth sets of copies are 
output in the same manner, respectively - 

In the above example, the case where all the three pages of 
the input original are output as copies has been described, in 
another case where only a desired page (e.g., only a second 
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page) is to be output as a copy, only the encoded data for this 
page is decoded and the copy of this page is output. 

Fig, 3 is a block diagram showing the configuration of such 
a conventional image processing apparatus. In Fig. 3, 
5 reference numeral 1 designates a DMAC (Direct Memory Access 
Controller); 2, a compressed data storing memory; 3, a local 
DMA bus; 4, an IIT, 4-1 designates a buffer; 5, an lOT; 5-1, a 
buffer; 6, a compression/expansion device; 7, a page memory; 8, 
an dLmage data bus; 9, a CPU (Central Processing Unit); 10, a 
10 DMAC; and 11 designates a system bus. 

When image data are input into the image processing 
apparatus, the image data are once stored in the buffer 4-1 of 
the IIT 4. Then, the stored data are DMA-transf erred to, for 
example, the page memory 7 via the image data bus 8 by taking 
15 a predetenained amoiint of the stored data as a unit. When the 
image data which are developed in the page memory 7 are to be 
output to a printer or the like, the image data are once 
DMA- transferred from the page memory 7 to the buffer 5-1 of the 
lOT 5 via the image data bus 8, and then output. The above 
20 transfers are controlled by the DMAC 10. The DMAC 10 is 
activated by an instruction supplied from the CPU 9 via the 
system bus 11.. 

In a case where input image data are required to be first 
encoded, the input image data are transferred to the 
25 compress ion /expansion device 6. The image data are compressed 
(or encoded) by the compression/expansion device 6 and then 



- 4 - 



r— 



10 



DKA-transf erred to the compressed data storing memory 2. When 
the compressed data stored in the compressed data storing 
memory 2 are to be output as image data, the compressed data 
are expanded by the compression/expansion device 6 and then 
output. The DMA "transfer between the compression/expansion 
device 6 and the compressed data storing memory 2 is controlled 
by the DMAC 1. 

The main components of the image processing apparatus are 
connected to the image data bus 8, and data transfers between 
the components are performed via the image data bus 8. In the 
conventional image processing apparatus, however, unless the 
DMA transfer between paired components is completed, it is 
impossible to perform the DMA-transfer between other paired 
components. When the DMA transfer from the IIT 4 to the page 
15 memory 7 is performed, for example, the next DMA transfer from 
the page memory 7 to the lOT 5 can be performed only after the 
previous DMA transfer is completed. 

Such a conventional image processing apparatus is disclosed 
in, for example, Unexamined Japanese Patent Publication (Kokai) 
Sho-62-176374 and Sho-62-266922 . 

However, the above-mentioned conventional image processing 
apparatus has the following problems. The first one is in that 
the operator remains to be is in anxiety for a long time period 
from a time when the original is started to be read to a time 
25 when the copy is started to be output. The second one is in 
that the output start time is late so that the total operation 



20 



- 5 - 



time period is long. Fiirthermore , the third one is that plural 
kinds of processes of DMA.-transf erring image data via the image 
data bus cannot be performed simultaneously in parallel. This 
causes that the period during which the image data bus is not 

5 used and is vacant is relatively long, thereby impeding the 
improvement in processing speed. 

The first problem is described. In Fig. 2, the output 
start waiting time period is represented by a time period Ti 
from the operation start time to to a time when the copy of the 

10 first set is started to be output. The operator must wait 
during this time period without receiving any response from the 
image processing apparatus. Therefore, in some cases, the 
operator worries about whether the copy might be safely output 
or not, and is in anxiety. 

15 Next, the second' problem is described. The total operation 

time period is a time period from a time when the input of the 
original is started to a time when the copy of the desired 
number of sets is completed. However, in the conventional 
image processing apparatus, the copy of the first set is 

20 started after the output start waiting time period T^ elapses. 
Accordingly, the total operation time period is constituted by 
the combination of a time period for the actual copying 
operation and the output start waiting time period Ti, 
resulting in that the total operation time period is very long- 
25 Fig. 4 illustrates a use state of the image data bus in the 

conventional image processing apparatus. Conventionally, a DMA 
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transfer via the image data bus (e.g., a DMA transfer in the 
process of inputting image data from the IIT, and a DMA 
transfer in the compression process) cannot be performed until 
another DMA transfer is completed. An example of the 
occupation state of the image data bus is shown in Fig. 4. As 
seen from the figure^ two kinds of processes such as the 
process of inputting image data from the IIT 4 to the page 
memory 7 and the process of outputting input image data from 
the page memory 7 to the lOT 5 cannot be performed 
simultaneously in parallel. 

Moreover, if the image data bus is occupied by one kind of 
transfer, the image data bus may not be used and may be vacant 
for a certain time period depending on the image size. This 
impedes the improvement in processing speed of the image 
15 processing apparatus. Fig. 7 is an expanded diagram showing 
the actual use of the image data bus in a time period when the 
image data bus is occupied for the "IIT input" process. In the 
figure, a hatched portion represents a time period when the 
image data bus is actually used, and a blank portion represents 
a time period when the image data bus is not used. 

Next, the reason why such a non-use time period occurs is 
described. Fig. 5 illustrates the size of an original and a 
time period for using the image data bus in the conventional 
image processing apparatus. In Fig. 5, 50 designates a maximum 
size, 51 designates the size of the original, 52 and 53 
designate line synchronization signals, 54 and 55 designate 
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page synchronization signals, 56 designates an image data bus 
occupation time period within one scanning period. Si and S2 
designate scan lines, W designates a remainder width, and L 
designates a remainder length. 

The maximtim size 50 is the maximum size of an original 
which can be processed by the image processing apparatus, and 
is determined depending on the specification of the apparatus . 
The original size 51 is the size of the original which is 
currently input. Therefore, the original size 51 sometimes 
coincides with the maximum size 50, but in many cases the 
original size 51 is smaller than the maximum size 50. The 
remainder width W is the difference in length between the 
original size 51 and the maximum size 50 in the lateral 
direction (in a direction along the scan lines). The remainder 
length L is the difference in length between the original size 
51 and the maximum size 50 in the longitudinal direction (in a 
direction perpendicular to the scan lines ) . 

The scanning in the image input process is performed for 
the maximxim size 50, irrespective of the actual size of the 
original. Therefore, in a case of the original having the size 
51, even though no original to be read exists in an area of the 
remainder width W and an area of the remainder length L, the 
scanning is also performed for these areas . 

In the conventional image processing apparatus, when an 
image is input from the IIT 4, the image data bus 8 is occupied 
for the image input process over one scanning period. In other 
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words, both when the original is scanned along the scan line Si 
and when an area where the original does not exist is scanned 
along the scan line S2, the iiuage data bus 8 is always occupied 
for the image input process as shown by the image data bus 

5 occupation time period 56 (a hatched portion represents the 
occupation time period) • 

Although the image data bus 8 is occupied for the image 
input process over the scanning period, the image data bus 8 is 
not used during the scanning for the area of the remainder 

10 width W and during the scanning for the area of the remainder 
length L. As shown in Fig, 1 , therefore, the image data bus 8 
is actually used only in part of the occupied time period, 
resulting in a poor use efficiency of the image data bus 8. 
Therefore, the above-mentioned problems occur, thereby impeding 

15 the improvement in processing speed, 

SUMMARY OF THE INVENTION 
An object of the present invention is to solve the above- 
mentioned problems . 

In order to solve the above problems, an image processing 
20 apparatus of the present invention comprises: original read 
means; an image memory for storing image data; copy output 
means for performing printing operation based on image data 
transferred from said image memory; a compression/expansion 
device for performing conversion between image data and encoded 
25 data; and a storage device for storing said encoded data, and 
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further comprises a bus arbiter which controls operation of 
converting image data to encoded data and operation of 
printing a first set of copies in such a manner that these two 
operations are performed by a time division manner in parallel 
with operation of reading an original. 

Furthermore^ according to one aspect of the invention, in 
an image processing apparatus in which image data are DMA- 
transferred via an image data bus, the apparatus comprises an 
image data bus arbiter by which the use right of the image 
data bus is divided into predetermined short time units, the 
image data bus arbiter assigns the time units to a first 
device group which is a group of image data bus request 
devices operating at a predetermined speed, and, only when the 
first device group does not use the image data bus, the image 
data bus arbiter assigns the time units to a second device 
group which is a group of image data bus request devices 
operating at an xindefined speed. 

Moreover, according to another aspect of the invention, 
in an image processing apparatus comprising: an image input 
section; an image output section; a page memory; a 
compression/expansion device, image data being DMA- 
transferred via an image data bus among the sections and 
device; a first DMA controller for controlling the DMA 
transfer; a central processing unit; a compressed data storing 
memory for storing data compressed by the 
compress ion /expansion device; and a second DMA controller for 
controlling a DMA transfer between the compression/expansion 
device and the compressed data storing memory, the 
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image processing apparatus further comprises an image data bus 
arbiter which assigns in an alternate manner the use right of 
the image data bus to the image input section and the image 
output section in the unit of a predetermined short time 
period, and, only when the image input section and the image 
output section do not .use the image data bus, assigns the use 
right of the image data bus to the compression/expansion 
device. 

When the image processing apparatus comprises a plurality 
of compression/expansion devices, priorities are given to the 
compression/expansion devices. Alternatively, the priorities 
may be arbitrarily changed. 

During the operation of inputting an original, (1) the 
conversion from image data to encoded data by the compression/ 
expansion device and (2) the copy of the first set by 
transferring the image data to the copy output means are 
simultaneously performed in parallel in the time division 
manner. Thus, the copy of the first set is output in parallel 
with the read of the original, so that the output start waiting 
time period can be extremely shortened. Therefore, the 
operator is free from the anxiety which is likely to be felt by 
the operator until the copy of the first set is safely output. 
Moreover, since the copy of the first set is output 
substantially in parallel with the input of the original, the 
total operation time period for copying can be shortened. 
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In -the image processing apparatus according to one aspect 
of the invention, a time period is divided into short assigned 
unit time periods. The image data bus is used in accordance 
with the priorities by taking the assigned unit time periods 
as units . Accordingly, request signals can be accepted at any 
time from the IIT, the lOT, the compression/expansion device 
and the like. Furthermore, plural kinds of processes- of DMA- 
transferring image data via the image data bus • can be 
performed simultaneously in parallel. 

Moreover, the image data bus is used in a time division 
manner by taking the assigned unit time periods as units, for 
the plural kinds of processes which are performed 
simultaneously in parallel. Accordingly, a time period when 
the image data bus is not used and is vacant becomes short and 
the use efficiency is improved. As a result, the total 
processing time period can be shortened. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the configuration of a 
conventional image processing apparatus; 

Fig. 2 is a time chart illustrating the operation of the 
conventional image processing apparatus; 

Fig. 3 is a block diagram showing the configuration of a 
conventional image processing apparatus; 

Fig. 4 is a diagram illustrating a use state of an image 
data bus in the conventional image processing apparatus; 
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Fig. 5 is a diagram illustrating the size of an original 
and an image data bus use time period in the conventional image 
processing apparatus ; 

Fig. 6 is a block diagram showing the configuration of an 
5 image processing apparatus according to the present invention; 

Fig. 7 is a time chart illustrating the operation of the 
image processing apparatus according to the present invention; 

Fig. 8 is a block diagram showing the configuration of an 
image processing apparatus of the invention; 
10 Fig. 9 is a diagram illustrating the size of an original 

and an image data bus use time period in the image processing 
apparatus of the invention; i 
Fig. 10 is a diagram showing the configuration of an image 

data bus arbiter; 

15 Fig. 11 shows waveforms of a clock signal and an IIT enable 

signal; 

Fig. 12 is a time chart illustrating the operation of the 
image data bus arbiter; and 

Fig. 13 is a diagram illustrating a use state of an image 
20 data bus in a case where two compression/expansion devices are 
provided . 

nRTRTT.RD DESCRIPTTQM OF TH^ - PRBFRRRSn RMHODIMENTS 

Hereinafter, an embodiment of the present invention will be 
described in detail with reference to the drawings. Fig. 6 is 
block diagram showing the configuration of an image 



25 a 



- 13 - 



processing apparatus according to the present invention. The 
reference nmaerals therein correspond to those in Fig. 1, and 
the reference niimeral 12 designates a bus arbiter. The bus 
arbiter 12 is provided for controlling the image data bus 8 to 
be used in a time division manner. In this invention, the 
occupying time period .of the image data bus 8 is divided into 
short time periods by the bus arbiter 12. The divided time 
periods are appropriately assigned to "input operation", 
"output operation", "compression operation", "expansion 
operation" and the like. As a result, a plurality of process 
operations are substantially simultaneously performed in 
parallel, whereby the required time period can be shortened. 
In Fig. 6, paths a, b and c shown by broken lines represent 
some of data transfer paths. Next, the operation is described 
with reference to a* time chart. 

Fig. 7 is a time chart showing the operation of the image 
processing apparatus according to the present invention. The 
reference numerals therein correspond to those in Fig. 2. The 
symbol A indicates an expanded time chart of the process time 
period for the first page in the time period of "the original 
input and the output of the first set" , The symbol B indicates 
an expanded time chart of the process time period for 
outputting the first page in the time period of "the output of 
the second set". Also, in this example, the original has three 
pages and four sets of copies of the original are to be 
obtained . 
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The operation for the first page in which the input of the 
original is started at time to is described with reference to 
the expanded time chart A. During the first one of the divided 
time periods (Ti in Fig. 7), the "input operation" is 
performed. That is, during this time period, the bus arbiter 
12 controls the image. data bus 8 to be used for transferring 
the image data read by the I IT 4 to the image memory 7 (the 
transfer through the path indicated by broken line a in Fig. 
6). Since each of the divided time periods is short, only a 
part of the original is read during this time period. 

During the next one of the divided time periods, the 
"output operation" is performed. The image data bus 8 is used 
for transferring the image data which have been input into the 
image memory 7, to the lOT 5 (the transfer through the path 
IS indicated by. broken" line £ in Fig. 6). The printing based on 
the transferred image data is started. This is the start of 
the copy of the first set. Therefore, the time period during 
which the operator must wait from the start of the original 
input to the start of the first printing (i.e., the output 
start waiting time period) requires only the short divided time 
period Ti (however, a certain time period is consumed for the 
mechanical parts to start to work, so that the actual time 
period is somewhat longer). For example, the divided time 
period Ti may be set to be 170 nanoseconds, so that the 
25 operator feels that the output starts simultaneously with the 



20 



- 15 - 



input. Therefore, the anxiety felt by the operator when the 
output start waiting time period is long can be eliminated. 

During the next one of the divided time periods, the 
"compression operation" is performed. Specifically, the image 
5 data which have been input in the image memory 7 are 
transferred to the compression/expansion device 6 (the transfer 
through the path indicated by broken line b. in Fig . 6 ) . In the 
compression/expansion device 6, the data are encoded to be 
compressed. The encoded data are supplied to the storage 
10 device 2 to be stored therein. 

As described eibove, the three operations of input, output 
and compression are performed in the time division manner until 
the input of the first page of the original is finished. 
Therefore, the operation of outputting the copy of the first 
15 set and the compression operation are substantially 
simultaneous and parallel with the input operation. For the 
second and third pages of the original, the three operations 
are performed in the same way. 

After the input of the original is completed, the output of 
20 the copy of the second, third and fourth sets is started in the 
following manner. First, the encoded data for the first page 
of the original which are stored in the storage device 2 are 
read out and expanded to the original image data in the 
compression/expansion device 6. The image data are developed 
25 in the image memory 7. During this time period, only the 
expansion operation is perfoinned, and the operation of 
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outputting image data to the lOT 5 is not performed in 
parallel. The reason of the above is that, if the output from 
the image memory 7 to the lOT 5 is performed in parallel and in 
the time division manner, the image memory 7 may become empty 
in the middle of this operation so that the data to be output 
to the lOT 5 is interrupted. The reason will be described more 
specifically. The expansion speed varies depending on the 
complexity of the image, and hence the speed at which the 
expanded data are stored into the image memory 4 is not 
constant. If the data are output from the image memory 4 to 
the lOT 5 at a constant speed, therefore, the data to be output 
may be interrupted. 

The output of the first page of the second set is started 
after the expansion of the data for the first page is finished. 
During this time period, the operation of expanding the data 
for the second page is performed in parallel in the time 
division manner. These operations will be described with 
reference to the expanded time chart B. During one of the 
divided time periods, portions of expanded data related to the 
first page are transferred from the image memory 7 to the lOT 
5 (the transfer through the path indicated by broken line c in 
Fig. 6), and .a part of the first page of the original is 
output. During the next one of the divided time periods, the ' 
encoded data for the second page is expanded. The expanded 
data are transferred from the compression/expansion device 6 to 
the image memory 7 (the reverse transfer through the path 
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indicated by broken line b in Fig. 6). This process is 
repeated until the output of the first page and the expansion 
of the data for the second page are completed. 

The output of the second and third pages of the second set 
is performed in the same way. While the page iinder the output 
operation is shifted ^ by one page from the page under the 
expansion operation, the output operation and the expansion 
operation are secjuentially performed in parallel, so as to 
output the third and fourth sets. Therefore, during the last 
one of the divided time periods, as illustrated, only the 
operation of outputting the third page, i.e., the last page of 
the fourth set is performed. 

As described above, the first copy set is output during the 
input of the original. After the completion of the input 
operation, therefore, only the remaining sets are output. 
Accordingly, as compared with the conventional image processing 
apparatus in which all the copy sets are output after the 
completion of the input operation, the total 'operation time 
period can be shortened. 

Another reason why the total operation time period is 
shortened is that the image data bus 8 is effectively used in 
the time division manner. In the conventional image processing 
apparatus, even when the image data bus 8 is assigned for an 
operation, for example, the compression operation, data do not 
always flow through the bus during the assigned time period or 
the bus may sometimes be vacant. By contrast, in the image 
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processing apparatus of the present invention, the operation 
time period is divided into short time periods and the divided 
time periods are assigned to different operations. Therefore, 
the vacant time period of the bus line does not continue for a 
long time period/ and the process rapidly advances. As a 
result, the total operation time period is shortened. 

Hereinafter, another embodiment of the invention will be 
described in detail with reference to the drawings. Fig. 8 
shows a block diagram showing the configuration of an image 
processing apparatus of the invention. The reference numerals 
in Fig. 8 correspond to those in Fig. 3, and A and B designate 
compression/expansion devices, 12 designates an image data bus 
arbiter, and 13 designates an oscillator. The configuration of 
the image processing apparatus of the invention differs from 
that. of the conventional apparatus in th&t the image data bus 
arbiter 12 and the oscillator 13 are provided. The image data 
bus arbiter 12 adjusts the assigned time periods for using the 
image data bus 8, The oscillator 13 generates a clock signal. 
Alternatively, the clock signal may be generated using a clock 
generator (not shown) which is inherently included in the image 
processing apparatus. 

Fig. 8 shows the embodiment which comprises two 
compression/expansion devices. In the embodiment, a single 
image is divided into two parts, and the divided parts are 
respectively processed by the compression/expression devices in 
parallel. Thus, the processing speed is improved. It is 
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obvious to those skilled in the art that this invention may be 
applied also to an apparatus which comprises only one 
compression/expansion device. 

In this invention, a tiiae period is divided into 
predetermined short time periods, i.e-, assigned unit time 
periods. The use right of the image data bus 8 is assigned by 
taking the assigned unit time periods as units. The assignment 
is performed on the following bases, 

(1) Assignment of highest priority: The use right is 
assigned in an alternate manner to the IIT and the lOT which 
operate at a predetermined speed, 

(2) Assignment of second highest priority: When the IIT 
and the lOT do not utilize the assigned time periods, the 
assigned time periods are assigned to the compression/expansion 
device. In a case where a plurality of compression/expansion 
devices are provided, priorities are given to the plurality of 
compression/expansion devices, respectively. The assignment is 
performed in accordance with the priorities. 

(3) Use permission which is given only when it is 
requested: In any case, when the image data bus is to be 
actually used by a component, the. component should send a 
request signal (REQ) for using the image data bus and receive 
an acknowledge signal (ACK) , 

The highest priority for the assignment is given to the IIT 
4 and the lOT 5, because they are designed to operate at a 
predetermined speed and hence there exists a speed restriction 



- 20 - 



10 



that the DMA transfer must be performed at the predetermined 
speed. That is, the operation speed of the IIT 4 and the lOT 
5 is determined by mechanical design conditions and is 
constant . 

When the IIT 4" operates, for example, image data are input 
continuously at a predetermined speed corresponding to the 
operation speed of an image read mechanism such as an image 
scanner. The image data are once stored in the buffer 4-1, but 
the buffer 4-1 cannot store data of an amount greater than a 
predetermined capacity. Therefore, before the amount of data 
stored in the buffer 4-1 reaches the predetermined capacity, 
the stored data must be transferred to a destination (e.g., to 
the page memory 7). Accordingly, it is necessary to assign the 
use right of the image data bus 8 with the highest priority. 
15 On the other h^nd, unlike the IIT 4 and the lOT 5, the 

compression/expansion devices A and B have no speed 
restriction. Accordingly, the compression process or the 
expansion process can be stopped or restarted at any time. 
Therefore, the DMA transfer related to the compression/ 
20 expansion devices A and B can be performed after the image data 
bus 8 becomes vacant. As a result, the second highest priority 
for assigning the image data bus 8 is given to the 
compression/expansion devices A and B. In the case shown in 
Fig. 1 where a plurality of compression/expansion devices are 
25 provided, priorities are given to the compression/expansion 
devices (for example, in the order of A and B) . 
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Fig, 9 illustrates the size of an original and a time 
period for using the image data bus in the image processing 
apparatus of this invention. The reference n\imerals in Fig. 9 
correspond to those in Fig. 5. Fig. 9 shows an example where 
the original having the size 51 is read by the image scanner 
and the image data are input via the I IT 4. 

Fig. 9 is different from Fig. 5 in a portion corresponding 
to the image data bus occupation time period 56. The portion 
indicates the scanning along the scan line which traverses 
the original. A time period is divided into predetermined 
short time periods, i.e., assigned unit time periods. The 
assigned unit time periods are alternately assigned to the I IT 
4 and the lOT 5. The I IT 4 occupies the image data bus 8 only 
in the assigned unit time peripds during which the line 
synchronization sigfial 53 is produced among the assigned unit 
time periods which are assigned to the IIT 4 (hatched portions 
represent occupation time periods). 

When the scanning proceeds and the scanning along the scan 
line S2 lower than the lower end of the original having the 
size 51 is to be performed, the line synchronization signal 53 
becomes 0- As a result, the IIT 4 is not allowed to occupy the 
image data bus. 8. Even in the time periods for scanning, in 
the assigned- vinit time periods for scanning the area of the 
remainder width W or the area of the remainder length L (i.e., 
in the time periods when the IIT 4 does not substantially 
operate) among the assigned unit time periods which are 
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assigned to the IIT 4, the IIT 4 devolves the use right of the 
image data bus 8 upon the compression/expansion device A or 

As a result, the use efficiency of the image data bus 8 is 
enhanced, and the processing speed can be improved. Moreover, 
a plurality of kinds of DMA transfers can be performed 
simultaneously in parallel, whereby the processes of image 
input, compression, expansion, image output and the like can be 
performed simultaneously in parallel. 

(Configuration of the image data bus arbiter) 

The image data bus arbiter 12 is provided for assigning the 
use right of the image data bus 8 on the above-mentioned bases 
and for allowing the components to use the image data bus 8. 
Fig. 10 specifically shows the configuration of the image data 
bus arbiter .12. Tn Fig. 10, 20-25 designate signal lines, 
26-30 designate D flip-flops, 31-35 designate AND circuits, 
36-41 designate inverters, 42 and 43 designate OR circuits, and 
44-47 designate signal lines. 

A clock signal from the oscillator 13 in Fig. 8 is supplied 
to the signal line 24, and then given to the clock inputs of 
the D flip-flops 26-30. The D flip-flop 26 produces an IIT 
enable signal. from the output Q based on the clock signal. 
Fig. 11 shows waveforms of the clock signal and the IIT enable 
signal. The IIT enable signal has a rectangular waveform with 
the half period which is equal to the period of the clock 
signal (e.g., 170 nanoseconds). 
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The D flip-flops 27-30 receive request signals from the IIT 
4 and the like for requesting the use of the image data bus 8, 
and output the signals in synchronization with the clock 
signal. To the D flip-flop 27, the request signal from the IIT 
4 is input, and, to the D flip-flop 28 ^ the request signal from 
the lOT 5 is input. 

The outputs from the flip-flops 27 and 28 are coupled to 
respective inputs of the two-input AND circuits 31 and 32. The 
IIT enable signal is supplied to the other input of the AND 
circuit 31. A signal which is obtained by inverting the IIT 
enable signal in the inverter 36 is supplied to the other input 
of the AND circuit 32. 

Accordingly, the gates of the AND circuits 31 and 32 are 
alternately enabled in accordance with the IIT enable signal. 
During the gate enable period, if the output from the D 
flip-flop 26 or 27 is supplied to the AND circuit 31 or 32, it 
is output via the signal line 44 or 45 as an acknowledge 
signal. 

The D flip-flops 29 and 30 respectively output the request 
signals from the compression/expansion devices A and B in 
synchronization with the clock signal. These signals are 
supplied to respective inputs of the three-input AND circuits 
34 and 35. To another one of the three inputs, the output of 
the two-input AND circuit 33 is coupled. The two inputs of the 
AND circuit 33 are coupled to the outputs of the AND circuits 
31 and 32 via the inverters 37 and 38, respectively. 
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Therefore, the AND circuit 33 outputs a signal of high level 
only when the aclcnowledge signals to the IIT 4 and the lOT 5 
are not output. As a result, the aclcnowledge signals to the 
IIT 4 and the lOT 5 are allowed to be output with priority to 

5 the aclcnowledge signals to the compression/expansion devices A 
and B (the first priority) . 

The priorities of the compression/expansion devices A and 
B are determined by a priority signal which is input via the 
signal line 25. When the priority signal is at a high level, 

10 the compress ion/e:ipansion device A has the higher priority. 
When the priority signal is at a low level, the compression/ 
expansion device B has the higher priority. More specifically, 
when the priority signal is at the high level, a signal of high 
level is output from the OR circuit 42. The high-level signal 

IS is supplied to the third input of the AND circuit 34, so that 
the AND circuit 34 becomes into the gate-enable state. At this 
time, if the request signal from the compression/expansion 
device A is output from the D flip-flop 29, the request signal 
is allowed to pass through the AND circuit 34 and output as the 

20 acknowledge signal to the compression/expansion device A. 

On the other hand, the priority signal of the level which 
has been changed from high to low by the inverter 41 is 
supplied to one input of the two-input OR circuit 43. When the 
request signal from the compression/expansion device A is 

25 output from the D flip-flop 29, the other input of the OR 
circuit 43 receives the request signal of the level which has 
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been changed from high to low by the invertor 40- Therefore, 
the OR circuit 43 will not output a signal of high level. 
Therefore, the AND circuit 35 will not become into the 
gate-enable state. Even if the request signal is output from 
the compression/expansion device B, the acknowledge signal to 
the compression/expansion device B will not be produced. Thus, 
it is ensured that the compression/expauasion device A has the 
higher priority. If it is required that the compression/ 
expansion device B has the higher priority than the 
compression/expansion device A, the priority signal supplied 
via the signal line 25 should be at the low level. 

(Operation of the image data bus arbiter) 

Fig. 12 is a time chart illustrating the operation of the 
image data bus arbiter. In Fig. 12, the IIT enable signal (a) 
is shown in conjunction with Fig. 4. A state (b) where the 
time period is divided into assigned unit time periods based on 
the IIT enable signal and the use right of the image data bus 
8 is assigned in an alternate manner to the IIT 4 and lOT 5 
having the highest assigned priority. The assigned unit time 
period labeled by "I" represents a time period during which the 
use right is assigned to the IIT 4, and the assigned unit time 
period labeled by "0" represents a time period during which the 
use right is assigned to the lOT 5. This assignment is 
performed by inputting a signal of high level in an alternate 
manner to one of the two input terminals of the respective AND 
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circuits 31 and 32 in Fig. 3, in accordance with the I IT enable 
signal . 

Fig- 12(d) shows the request signal from the IIT 4 (the 
output of the D flip-flop 27 in Fig. 10). The request signal 
is output in accordance with the line synchronization signal 
(53 in Fig. 9), when the original is scanned. Fig. 12(e) shows 
the aclcnowledge signal to the IIT 4. The acknowledge signal is 
output only in the assigned unit time periods of Fig. 12(b) 
which are labeled by "I" within the time period when the 
request signal of Fig. 12(d) is output (the signal line 44 in 
Fig. 10). In the assigned unit time period, the IIT 4 actually 
uses the image data bus 8. This is represented by the assigned 
unit time period labeled by "I" in Fig. 12(c). 

The assigned time period during which the lOT 5 actually 
uses the image data 'bus 8 can be obtained in the same way. The 
assigned time period is a time period labeled by "0" in Fig. 
12(c). That is, the acknowledge signal (Fig. 12(g), the signal 
on the signal line 45 in Fig. 10) to the lOT 5 is output in the 
assigned unit time period labeled by "0" in Fig. 12(b) within 
the time period when the request signal from the lOT 5 (Fig. 
12(f), the output of the D flip-flop 28 in Fig. 10). 

When the request signal for requesting the use of the image 
data bus 8 is- output from the compression/expansion device A or 
B, since these devices have lower priorities than the IIT 4 and 
the lOT 5, the use right of the image data bus 8 is assigned to 
these devices only in the assigned unit time period when the 
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acknowledge signal to the IIT 4 or the lOT 5 is not output 
within the time period when the request signal is output. 

It is assumed that the compression/expansion device A is 
provided with a higher priority than that of the compression/ 
expansion device B. This priority is determined by giving the 
priority signal of "high" to the signal line 25 in Fig. 10. 
Thus, the acknowledge signal to the compress ion/ expansion 
device A (Fig. 12 (i)) is output only in the assigned unit time 
period when both the acknowledge signals of Figs. 12(e) and 
12(g) are not output within the time period when the request 
signal from the compression/expansion device A (Fig. 12(h)) is 
output. The assigned unit time period is a time period labeled 
by "A" in Fig. 12(c). In the assigned unit time period, the 
compression/expansion device A can use the image data bus 8. 

The acknowledge 'signal to the compression/expansion device 
B is output only in the assigned unit time period when the 
acknowledged signals to the IIT 4 and the lOT 5 and also the 
compression/expansion device A are not output within the time 
period when the request signal of Fig. 12(j) is output (Fig. 
12(k)). The assigned unit time period is a time period labeled 
by "B" in Fig. 12(c). ' In the time period, the compression/ 
expansion device B can use the image data bus 8. 

When two compression/expansion devices are provided, there 
exists a problem in that the process in the compression/ 
expansion device having the lower priority is delayed. Fig. 13 
is a diagram showing a use state of the image data bus in the 
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case where two compress ion/ expansion devices are provided. In 
this example, the operation of outputting data to the lOT 5 and 
the processes in the compression/expansion devices A and B are 
performed in parallel. 

In Fig. 13, a- use state of the image data bus is shown. 
One division represents one of the above-mentioned assigned 
unit time periods. The label "0" in a division indicates that 
the lOT 5 uses the image data bus, and the labels "A" and "B" 
indicate that the compression/expansion devices A and B 
respectively use the image data bus, respectively. A lateral 
solid line in Fig. 13(b) represents a time period during which 
the process in the compression/expansion device A is performed 
and image data sufficient to perform the DMA transfer are 
obtained. An arrow directed to Fig. 13(a) indicates the 
assigned unit time £)eriod during which the image data obtained 
by the process are DMA-transf erred. After the transfer, the 
process is restarted. Similarly, Fig. 13(c) shows the process 
in the compression/expansion device B. 

AS described above, the compression/expansion device A is 
assumed to be prior to the compression/expansion device B. 
After the process in the compression/expansion device A is 
finished, therefore, the compression/expansion device A uses 
the image data bus 8 in the assigned unit time period when the 
lOT 5 does not use the image data bus 8. However, with respect 
to an assigned unit time period XI, a process Yl in the 
compression/expansion device A is not finished before the start 
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of the assigned unit time period XI, so that the compression/ 
expansion device A cannot use the image data bus. 

In this case, the compression/expansion device B has 
finished a process Zl in which image data sufficient for the 
DMA transfer are obtained, and waits for the assigned unit time 
period to be free. Thus, the compression/expansion device B is 
allowed to use the image data bus 8 in the assigned xinit time 
period XI. Also in an assigned unit time period X2, the 
compression/expansion device B is allowed to use the image data 
bus 8 . 

When the compression/expansion device B has always the 
lower priority than the compression/expansion device A, the 
time period d\iring which the compression/expansion device B is 
allowed to use the image data bus 8 is short as described 
above . Therefore the process of an image area for the 
compression/expansion device B lags far behind the process of 
an image area for the compression/expansion device A. 

In order to prevent this delay from occurring, the 
priorities of the compress ion /expansion devices may be changed 
in the middle of the process for a single image. For example, 
the CPU 9 in Fig. 8 monitors an address counter (not shown) of 
the DMAC 10 at regular time intervals (e.g., once per 100 
milliseconds), to detect a compression/expansion device the 
process of which is delayed. A higher priority than before is 
given to the detected compression/expansion device. In order 
to reverse the priorities, the level of the priority signal 
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which is supplied via the signal line 25 in Fig. 3 should be 
inverted . 

As described above, according to the image processing 
apparatus of the present invention, the output of the first set 
is started at the same time as the input of the original. 
Therefore, the anxiety which is likely to be felt by the 
operator until the output of the first set is safely started 
after the elapse of a long time period can be eliminated. 
Moreover, the output of the first set is performed at the same 
time as the operation of inputting the original, so that, for 
example, in the case where N copy sets are to be obtained, the 
remaining (N-1) copy sets only have to be output after the 
completion of the operation of inputting the original. 
Therefore, as compared with a conventional image processing 
15 apparatus in. which 'all the N copy sets are output after the 
completion of the operation of inputting the original, the 
total operation time period for the copy can be shortened. 

Furthermore, in the image processing apparatus of the 
invention, the time period is divided into short time periods, 
20 i.e., assigned unit time periods. The image data bus 8 is used 
in accordance with the priorities by taking the assigned unit 
time periods -as units. Thus, request signals can be accepted 
at any time from the IIT 4, the lOT 5, the compression device 
A and B and the like. Therefore, a plurality of kinds of 
25 processes including the operation of DMA-transferring image 
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data via the image data bus 8 can be performed simultaneously 
in parallel . 

Moreover, the image data bus 8 is used for the plurality 
of kinds of processes which are performed simultaneously in 
parallel by taking the assigned unit time period as units, so 
that a time period dtiring which the image data bus 8 is not use 
and is vacant is shortened, whereby the use efficiency is 
improved. Therefore, the time required for completing the 
entire process can be shortened. 
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CIAIMS: 



1, An image processing apparatus comprising: 
original read means; 

an image memory for storing image data; 

copy output means for performing printing operation based 
on image data transferred from said image memory; 

a compression/expansion device for performing conversion 
between image data and encoded data; and 

a storage device for storing said encoded data, 

wherein said image processing apparatus further comprises 
a bus arbiter which controls operation of converting image data 
to encoded data and operation of printing a first set of copies 
in such a manner that these two operations are performed by a 
time division manner in parallel with operation of reading an 
original . 

2. An image processing apparatus in which image data are 
DMA (Direct Memory Access ) -transferred via an image data bus, 
said image processing apparatus comprising: 

an image data bus arbiter by which the use right of said 
image data bus is divided into predetermined short time units, 
said image data bus arbiter assigns said time units to a first 
device group which is a group of image data bus request devices 
operating at -a predetermined speed, and, only when said first 
device group does not use said image data bus, said image data 
bus arbiter assigns said time units to a second device group 
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which is a group of image data bus request devices operating at 
an undefined speed. 

3. An image processing apparatus as claimed in claim 2, 
wherein said image data bus arbiter comprises clock means for 

5 generating said short time units. 

4. An image processing apparatus as claimed in claim 2, 
wherein said image data bus arbiter monitors processings of a 
plurality of compress ion/ expansion devices for performing 
conversion between image data and encoded data, said image data 

10 bus arbiter changes a priority of said compression/expansion 
devices in response to a result of the monitoring. 

5. An image processing apparatus as claimed in claim 2, 
wherein said short time iinit of said image data bus arbiter is 
the assigned time ujiit for said first and second device groups . 

15 6. An. image J>rocessing apparatus as claimed in claim 2, 

wherein said assigned time unit is a time interval which is 
overlapped with a request signal. 

7. An image processing apparatus comprising: 
an image input section; 
20 an image output section; 

a page memory; 

a compression/expansion device, image data being DMA- 
transferred via an image data bus among said sections and 
device; 

25 a first DMA controller for controlling said DMA transfer; 

a central processing xinit; 
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a compressed data storing memory for storing data 
compressed by said compression/expansion device; and 

a second DMA controller for controlling a DMA transfer 
between said compression/expansion device and said compressed 

data storing memory, 

wherein said image. processing apparatus further comprises 
an image data bus arbiter which assigns in an alternate manner 
the use right of said image data bus to said image input 
section and said image output section in the unit of a 
predetermined short time period, and, only when said image 
input section and said image output section do not use said 
image data bus, assigns the use right of said image data bus to 
said compress ion/expans ion device. 

8. An image processing apparatus according to claim 7, 
wherein said image processing apparatus comprises a plurality 
of compression/expansion devices, and priorities are given to 
said compression/expansion devices • 

9. An image processing apparatus according to claim 7, 
wherein said image processing apparatus comprises a plurality 
of compression/expansion devices, and priorities are given to 
said compression/expansion devices, said priorities being 
arbitrarily changeable. 
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